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POLYSACCHARIDE -PEPTIDE DERIVATIVES 
The Technical Field 

The present invention is related to peptides coupled to 
charged polydispersive polysaccharides and their radiolabeled 
derivatives as well as their use in diagnostics and for treat- 
ment of cancer and other diseases. 

The Background of the Invention 

Technetium- 99m is provided with ideal physical properties as a 
radioactive marker in isotope-imaging. It is easily obtain- 
able from a 99 Mo/ 99m Tc-generator , which is included in the 
isotope -laboratory equipment of each general hospital. The 
methods of labelling peptides with technetium- 99m can be di- 
vided into two main categories, use of bifunctional metal 
chelates and use for labelling free thiol -groups . Rhenium, 
the isotopes 186 Re and 188 Re of which are suitable for radio- 
therapy due to their radiation properties, behaves chemically 
in the same way as technetium. In addition, many peptides have 
been labelled for diagnostic and therapeutic purposes with the 
radioactive isotopes of many other metals by using metal che- 
lates. The most common metal chelates are derivatives of DTPA 
and EDTA. Further isotopes of halogens, especially iodine, 
have been used by coupling them to tyrosine and/or histidine 
residues possibly present in a peptide chain or to sepa- 
rate structures incorporated into the peptide chains. 

Due to the general inhibitory effect of somatostatin, it has 
been tested in treatments of patient suffering from syndromes 
caused by neuroendocrine tumours. Neuroendocrine cancers are 
characterized by a large amount of somatostatin-receptors . A 
crucial problem in medical use of somatostatin is the fact 
that its biological half-life in blood serum is below three 
minutes. Due to this fact somatostatin analogs with longer in 
vivo half-lifes have been developed in order to facilitate 
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diagnoses and treatment of neuroendocrine tumours. So far the 
treatments with somatostatin analogs have mostly been limited 
to treating hormone -dependent symptoms of the patient. 

Radiolabeled somatostatin derivatives are known for example 
from the following patents/patent applications: US 5,225,180; 
US 5,405,597; WO 92/21383 and WO 90/06949. 

Successful diagnostic studies have been performed using 
somatostatin analogs 123 I -Tyr3 -octreotide (Lamberts et al . , N. 
Eng. J. Med. 323: 1246-1249, 1990). However, said compound 
suffers from some disadvantages. It is secreted through the 
liver-kidney system and thus disturbs the imaging of the 
lower parts of the body. On the other hand, iodine-123 is an 
expensive isotope and the labelling technique is complicated. 

A ( i:L1 In-DPTA-Phel) octreotide, which is excreted from the body 
through the kidneys thus facilitating the diagnoses of tum- 
ours inside the stomach without the accumulation of disturbing 
background-activity has been developed from the above mention- 
ed somatostatin derivative (Krenning E.P., et al . , J. Nucl. 
Med. 33 : 652-658, 1992) . Another problem related to the octreo- 
tide is also the fact that it does not identify all types of 
somatostatin receptors. A disadvantage with the use of in- 
dium-Ill is the fact that it is an expensive isotope and its 
availability is limited. Indium-Ill has to be ordered to the 
hospital for each patient, separately. In addition, the radia- 
tion properties of indium-Ill are not well adaptable to diag- 
nostic and therapeutic use. 

Somatostatin-dextran (Dextran 10) labelled with technetium- 99m 
has a remarkably longer half -life in blood than native somato- 
statin (T(l) 1/2= 4 h and T(2) 1/2 = 8 h) Holmberg, et al . , An- 
tibody, Immunoconj . Radiopharm 7: 253-259, 1994). 



A further problem related to dextran somatostatin is non-speci- 
fic binding to the cells, the transfer of the conjugate from 
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the blood circulatory system to the lymphatic system and 
rather rapid excretion through the kidneys to urine. 

The Disclosure of the Invention 

Analogs of polysaccharide somatostatin with a negative effect- 
ive surface charged are characterized by non-specific binding 
and when the transfer of the conjugate to the lymphatic system 
has been essentially decreased, it has been possible to re- 
gulate the transfer of the conjugate through the kidneys to 
the urine, it has been found that the said compounds have 
special properties in treatment of cancer and they can be 
radiolabeled for in vivo diagnostics and therapy. 

In the present invention the somatostatin analog has been 
coupled to a soluble polysaccharide with a negative effective 
surface charge. Hereinafter, said polysaccharides are refer- 
red to as charged polysaccharides. In addition, the charged 
polysaccharide somatostatins can be provided with groups, 
which in turn are able to bind detecting compounds, such 
as radionuclides, radiocontrast ing substances or paramagnetic 
ions. Chelation or the production of another in vivo stable 
bond between the group and the detecting compound is used to 
carry out the coupling. Hereinafter said groups are referred 
to as chelates. If the chelate is able to bind only metals, 
the chelate is referred to as a metal -chelate . A bond can be 
formed between the chelate and the detecting group before or 
after the chelate is coupled to the polysaccharide. It is 
also possible to couple some compounds directly to the struc- 
tures of the polysaccharides, in which case a separate chelate 
is not required. Hereinafter, chelate is written within brack- 
ets in order to show that it is also possible to couple the 
detecting compounds directly to polysaccharides without a 
chelate. The accordingly formed charged polysaccharide-soma- 
tostatin- ( chelate) -compounds are capable of binding to soma- 
tostatin receptors, which are expressed or over-expressed by 
tumours and metastases. 
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Said charged polysaccharide somatostatin (chelate) compounds 
are hereinafter referred to as the compounds according to the 
invention . 

Compared to previously known methods, it was surprising that 
with a negative effective total charge a clear decrease in 
non-specific binding could be obtained and additionally by 
selecting a suitable polysaccharide size the half-life of the 
compound according to the invention in blood could be opti- 
mized. 

A polysaccharide compound with high molecular-weight can be 
used when a maximal accumulation into the tumour is aimed at, 
but the background concentration is without greater signi- 
ficance. On the contrary, when the background concentration 
is of importance, as in radiotherapy, the size of the poly- 
saccharide is chosen in such a way that the radiation dose of 
the critical organ is not exceeded. In said case the size of 
polysaccharide is optimized in such a way that the accumu- 
lation kinetics in the tumour and the elimination of the 
compound according to the invention produces an optimal ra- 
diation dose relation between the tumour and the rest of the 
organism. 

The object is the elimination of the compound according to the 
invention primarily through the kidneys, in which case the 
size of the compound should be less than 50 000 g/mol. In many 
diagnostic applications the background concentration should be 
low, too. Still, different methods have different clearance 
times . 

One of the essential advantages of the method as compared to 
known techniques is the fact that it is possible to transport 
simultaneously to the target cells several somatostatins as 
well as several radioactive nuclides, if required. 
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All somatostatin analogs are not capable of identifying all 
types of somatostatin receptors. In the present invention 
such a somatostatin analog can be used, which identifies all 
types of somatostatin receptors or if required a somatostatin 
analog, which identifies only certain types of somatostatin 
receptors, thus targeting the compound to find its way to 
the target cell tissue. The biological half -life in blood is 
always remarkably dependent of the kind of charged polysaccha- 
ride the somatostatin analog is bound to. 

It is generally known that the charge of the polydisperse 
macromolecule is highly affected by the media in which the 
macromolecule of interest is situated. Said media dependent 
so called effective surface charge can deviate remarkably 
from the theoretical electric charge of the molecule based on 
the amount of dissociated groups. Said deviation is espe- 
cially remarkable in a physiological medium, for example, in 
a human being, injected with said drug. 

The evaluation of the effective surface charge is carried out 
with a multitude of different test systems, in which accord- 
ing to the generally accepted opinion methods based on electro- 
phoresis give the values, which best describe the actual si- 
tuation. The effective surface charge can be determined exact- 
ly with test system based on convective electrophoresis. Ef- 
fective surface charges of 10 charge units have been measured 
on macromolecules . 



The polysaccharide can be straight -chained or branched. Pre- 
ferably, the molecular-weight of the polysaccharide is 10 000 
- 150 000 mol/g. One or more of the hydroxyl groups of the 
polysaccharide can be substituted independently by other func- 
tional groups; as non-limiting examples the following can be 
mentioned, -C00H, -NHCOCH 3 , NHSO3H, -OSO3H, -CH 2 OS0 3 H, -S0 3 H. 
When the radioactive label has been coupled to the polysaccha- 
ride it is preferred that the molecular-weight is 30 000 - 
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50 000 mol/g. When a non- labelled charged polysaccharide soma- 
tostatin compound is used it is more preferred that the mole- 
cular-weight of the polysaccharide is 50 000 - 80 000 mol/g. 

Preferably, the polysaccharide is a polysaccharide formable by 
one or more different sugar units, with a mutual order which 
can be dependent or independent of the other. Preferred 
polysaccharides are dextrans. 



In the compounds according to the invention the effective 
surface charged is obtainable by using compounds having a pKa 
of 7 or less. More preferred are compounds with a pKa of 4 or 
less. The following compounds, carboxylic acids and sulphonic 
acids, can be mentioned as non- limiting examples of such com- 
pounds. The charge has preferably been obtained by sulphonic 
acid groups. The effective surface charge can be 0.0005-1 
unit charges per monomer. Preferred is an effective surface 
charge of 0.001-0.5 unit charges per monomer. Even more pre- 
ferred is an effective surface charge of 0.002-0.2 unit 
charges per monomer. 

In the compounds according to the present invention the che- 
late is bound by covalent bonds to the skeleton of charged 
polysaccharide. One or more chelates can be bound to the 
charged polysaccharide. Preferably, 0.005-0.5 chelates are 
bound to the charged polysaccharide per monomer. More prefer- 
ably 0.05-0.3 chelates are bound to the charged polysaccharide 
per monomer. 



The metal-ion can also be coupled directly to the polysaccha- 
ride skeleton. Such a coupling is preferred for technetium 
and rhenium. 



The chelates can be coupled directly or they can be coupled 
through a bridge or through a mediating molecule to the 
charged polysaccharide or the somatostatin analog. 



WO 98/28336 



PCT/FI97/00827 



7 

The term somatostatin analog includes somatostatins present in 
nature and analogs and derivatives thereof. 

Derivatives and analogs have been used to mean any straight 
chained or straight-chained cyclic polypeptide derivative, 
present among somatostatins in nature, in which one or more 
unit has been removed or substituted by an amino acid radical 
and/or wherein one or more functional group has been substi- 
tuted with one or more functional group and/or one or more 
group has been substituted with another isotheric group. Ge- 
nerally, the term covers all modified biologically active 
derivatives, which qualitatively fulfill an effect which is 
similar to that of unmodified somatostatin peptides. For 
example, they bind to somatostatin receptors or some subtypes 
of somatostatin receptors decrease the secretion of hormones. 

Cyclic, bridged-cyclic or straight -cyclic somatostatin analogs 
are known compounds. Such compounds and the preparation there- 
of have been described for example in the European Patent Pub- 
lications numbers EP 1 295; EP 29 579; EP 215 171; EP 203 031; 
EP 214 872; EP 298 732; EP 277 419. 

Preferred compounds according to the invention are those 
charged polysaccharide somatostatins, in which the somatos- 
tatin analog is 



Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys I 

Most preferred compounds according to the invention are those 
in which the effective surface charge has been obtained with 
compounds, the structure of which have the formula II and 

w l- <W 2 ) n -Z II 

in which: 

Wjl is a group, which can form an ether, ester or amino bond 

RECTIFIED SHEET (RULE 91) 
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with a polysaccharide. W 1 is preferably an amino group. 

W 2 is C!_ 6 alkyl, C x _ 6 arylalkyl or C X _ G alkyl, arylal- 

kyl, to the carbon atom of which an optional oxygen atom has 

been coupled or -NH or -SH or -COOH; -(W 2 ) n can also be a 

combination of the groups mentioned above. 

n is an integer from 0 - 7 . 

Z is COOH or S0 3 H. 

Preferably, w x is NH and W 2 is CH 2 and n is 1-3 and Z is S0 3 H. 

Suitable chelate groups are physiologically acceptable che- 
lates, which are capable of binding the detecting element. In 
addition, a preferred chelate group has a hydrophilic cha- 
racter. Examples of chelating groups are iminodicarboxylic 
groups, polyaminocarboxylic groups; the following are men- 
tioned as examples of said non-cyclic ligand forming ethylendi- 
aminetetraacetic acid (EDTA) , triethylentriaminepentaacetic 
acid (DTPA) , ethylenglycol - 0 , 0 ' -bis (2 -aminoethyl) -N, N, N ' ,N' - 
tetraacetic acid (EGTA) , N, N' -bis (hydroxibenzyl ) ethylendiamin- 
N,N' -diacetic acid (HBED) , triethyl te t raminehexaacet ic acid 
(TTHA) , derivatives thereof, in which one arm is stabilized as 
in cyclohexan-1, 2 -diamin-N, N ' , N' , N' • ,N' * -pentaacetic acid deri- 
vatives, derivatives of EDTA and DTPA as for example p-iso- 
thiocyanatobenzyl-EDTA or -DTPA, the macrocyclic derivatives 
thereof, for example 1,4,7, 10 - tetraazacyclodekan-N", N ' ,N' ' ,N' * ' - 
tetraacetic acid (DOTA) and 1 , 4 , 8 , 11 - te traazacyclotetradekan- 
N,N' ,N' 1 ,N' 1 1 -tetraacetic acid (TETA) , which are derivatized 
from N-substitutes or C-substituted macrocyclic amines includ- 
ing cyclamates as described e.g. in EP-A-304 780 and WO-A- 
89/01476, compounds the structures of which have the form III 
or IV 



O 0 0 

II II II 

R!-C-S- <CH 2 ) n . -C- (TT)i-C- 



III 



RHHWED SHEET (RULE 9T) 
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0 0 

II II 
R 2 -C-S- (CH 2 ) n . -C-NH-CH 2 

\ o iv 

\ II 

CH-C- 

o o 

II II . 

R 3 -C-S- (CH 2 ) n . -C-NH 

in which each R 1# R 2# and R 3 are independently c L . 6 alkyl, 
c 6-8 a 2ryl or C 7 _ 9 arylalkyl, additionally each can also be OH, 
C x _ 4 alkoxy, COOH or S0 3 H substituted 
n' is 1 or 2 

i is an integer from 2-6 and 

TT is independently of each other a- or fi-amino acids coupled 
together with amine bonds. 

As examples of chelating groups the following group, which has 
been formed from bis-aminothiol derivatives can be mentioned, 
e.g. compounds with the formula V 



i 2 

JCH 2 ] m . 



/ 



NH NH v 



R2i -\ 




C R 



22 



/\ A 

R 2 0 S H HS R 2 

wherein 

each R 2 Q/ R 2 i, ^22 an< 3 R 23 are independently of each others 
hydrogen or alkyl, 



X 2 is an amino-, an acid group or a corresponding group, which 
is capable of reacting with a polysaccharide, 
m' is two or three 
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compounds, which are derived from dithioazemcarbazone deri- 
vatives, e.g. compounds with the structure VI 



*2 



NH 
I 

HN SH 



N N 
/ \ 



NH 

A. 



VI 



HS NH 



wherein 

X2 is the same as above 



compounds, which have been formed from amine -oxime deriva- 
tives, e.g. compounds having a structure with the formula VII 



R 26 
R 2 5 



NH 




R 24 — N 
OH 



I 2 

[CH 2 ] m . 



\ 



NH 



OH 



VII 



R 2 7 
R 2 8 



" R 29 



wherein 

R 24' R 25' R 26' R 27' R 28 and R 29 are independently H or C3__ 4 
alkyl and X2 and m 1 are as defined above, 



compounds, which are diamidedimercapt ide derivatives, e.g. 
compounds of the formula VIII 



RECTIFIED SHEET (RUtt-91) 
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NH NH 




VIII 



wherein 

X 3 is a two-valanced radical, optionally substituted and com- 
prising a group which is capable of reacting with a polysaccha- 
ride, e.g. C 1-4 alkylene or phenyl including the group X 2 and 
Y 5 is hydrogen or CO 2 R 30 , wherein R 30 is C x _ 4 alkyl 

or compounds which are derivatives of porphyrins, such as 
N-benzyl-5, 10, 15 , 20 - tetrakis - (4 -carboxyphenyl) porphyrine or 
TPP comprising the group X 2 as defined above. 

Preferred chelate structures for halogens are compounds with 
the formula IX 



W 1 -(W 2 ) n -Ar 



IX 



wherein : 



w l is a group, which can form an ether-, ester- or amino-bond 
with a polysaccharide. Preferably W x is an aminccroup. 

W 2 is C ± _ G alkyl, C x _ 6 arylalkyl or C x _ 6 alkyl, C x _ 6 arylal- 
kyl, to the carbon atom of which an optional oxygen atom has 
been coupled or -NH or -SH or -COOH; -(W 2 ) n can also be a com- 
bination of the groups mentioned above, 
n is an integer from 0-7. 
Ar is an aryl group 

It is advantageous if, when W x is NH and W 2 is CH 2 n is 1-3 
and Ar is benzyl 

RECTIFIED SHEET (RULE 9t) 
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Preferably aryl means phenyl. Aralkyl preferably means 
benzyl . 

Examples X 2 comprises radicals having the form -<X4) n .i-X 5 
wherein X 4 is C 1 . 6 alkyl; or C x „ 6 alkyl to the carbon-atom of 
which optionally an oxygen atom has been coupled or -NH- , n 1 ' 
is 0 or 1 and X 5 is a group which can form an ether, ester or 
amino bond with a polysaccharide. It is to be understood that 
X 2 is coupled to the carbon atom of -[CH 2 ] n >- or =CH-CH= by 
substituting a hydrogen atom. 

The chelating group can be coupled directly or indirectly to 
the polysaccharide. When it is coupled indirectly it is pre- 
ferably coupled through a bridge or intermediate structure, 
e.g. a group having the formula X 

Z-R35-CO- X 

R35 is -2,1 alkylene, C 2 -n alkenyl or -CH (R * ) - , wherein R' 
is a residue coupled to the a-carbon in a native or synthetic 
cv-amino acid, e.g. hydrogen alkyl, benzyl, optionally 

substituted benzyl, naphthyl -methyl , pyridyl -methyl , Z is a 
functional group, which can react covalently with the chelate. 

Z can for example be a group which can form an ether, ester or 
amine bond with the chelate. Preferably Z is an amino group. 

The chelating group, when it is formed by carboxy, -SO3H 
and/or amino groups can be free or in the form of a salt. 

Preferred chelating groups are those, which are formed from 
derivatives of polyaminopolycarboxylic groups, e.g. EDTA, 
DTPA, DOTA, TETA or substituted EDTA or DTPA . 

In the compounds according to the invention the chelating 
group, when it is polyf unctional , can be coupled either to one 
polysaccharide molecule or to more polysaccharide molecules. 

rectified Sheet (rule 91) : 
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According to the invention the compounds can exist in free 
form or in the form of salts. Salts including salts formed 
from acid, e.g. organic acids, polymeric acids or unorganic 
acids, of which hydrochlorides and acetates are examples and 
forms of salts, which are formed from carboxylic groups or 
sulphonic acids of chelating groups for example alkali metal 
salts such as sodium or potassium or substituted or nonsub- 
stituted ammonium salts. 

The present invention is also related to a process for pre- 
paring the compounds according to the present invention. They 
can be prepared using analogs of known techniques. 

Compounds according to the invention can be prepared for exam- 
ple in the following way: 

Schematic Figure 1 

0 

Pa-OH + NaI0 4 > Pa-C-H 1 

0 
II 

Pa-C-H + NH 2 -R > Pa-CH=N-R 2 



Pa-CH=N-R + NaCNBH 3 > Pa-CH 2 -NH-R 



wherein Pa-OH is a polysaccharide unit and NH 2 -R represents 1) 
a somatostatin analog, 2) a compound with which a negative 
surface charge can be obtained as for example taurine 3) a 
chelate such as N- [2 - amino- 3 (p-aminobenzyl ) propyl] -cyclohexan- 
1, 2-diamine-N,N' ,N , ,N M / N" -pentaacetic acid (CHXA-DTPA) and 
tyrosine . 
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In reaction phase 1 the polysaccharide is activated with 
NaI0 4 . In this case the cyclic polysaccharide ring structure 
is opened. In reaction phase 2 the desired amines and soma- 
tostatin is added, which react according to reaction formula 2 
with the polysaccharide forming a Schiff bond. In the pre- 
sence of the cyanoborohydride added in reaction phase 3 an 
amino bond is further created. 

Alternative methods of synthesis have been described in the 
book Andreas Holmberg, Dextran conjugates for tumor targeting 
Synthesis and Characterisation, Comprehensive Summaries of 
Uppsala Dissertations from the Faculty of Medicine 546, ACTA 
Universitatis Upsaliensis, Uppsala 1995. 

The compounds according to the invention can be purified with 
conventional methods for example with chromatography and ultra- 
filtration . 

Preferably the compounds according to the invention comprise 
less than 5 % of the weight of the peptide part other groups 
(free chelates, unbound peptide, groups with which an effec- 
tive surface charged have been obtained) . 

The compounds according to the invention in the basic form or 
m their pharmaceutical^ acceptable form are valuable com- 
pounds. As described below a detecting element can be coupled 
to the compounds according to the invention. 

Accordingly, the present invention comprises the compounds 
according to the invention which have been defined above, 
which are complexed to detecting elements (hereinafter refer- 
red as chelates according to the present invention) in free 
form or in form of salts, the preparation thereof and their 
use in diagnostics and therapy. 



With the term detecting element is meant all compounds, of 
which preferred are metal ions, which have specific detecting 
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properties in therapeutic 
example metallic ions which 
tallic ions, which have an 
ties . 



or in vivo diagnostic use, for 
emit detectable radiation or me- 
effect on NMR relaxation proper- 



Suitable detecting metallic ions are for example heavy metal 
elements or rare earth metal ions, for example CAT scanning 
(Computer axial tomography), paramagnetic ions, e.g. Gd 3+ , 
Fe 3 + , Mn 2 + and Cr 2 +, fluorescent metal ions, e.g. Eu 3 + , and 
radionuclides, e.g gamma -emit ting radionuclides, S-radiating 
radionuclides, and of -emit ting radionuclides as well as posi- 
trone emitting radionuclides such as 68 Ga. 

Radionuclides, which emit gamma -radiation are useful in diag- 
nostics. It is advantageous if the half-lifes of said radio- 
nuclides are from one hour to 40 days. Preferably, the half- 
life is from 5 hours to 4 days and most preferably 6 hours to 
3 days. As examples of gamma -emit ting radionuclides gallium- 
67, indium-Ill, technetium-99m, iodine-123, iodine- 131, ybe- 
rium-169, rhenium-186, rhenium-188 can be mentioned. The most 
preferred gamma - emi t t ing radionuclide is selected taking in 
account the metabolism of the compound according to the in- 
vention and the somatostatin analog which is used. 

Also radionuclides which are positrone emitters are suitable 
for recording images . 

For therapeutic applications S-particles emitting radionuc- 
lides are useful, of these the following can be mentioned : 90 Y, 
67 CU/ 186 Re; 188 Re/ 169 Er/ 121 Srl/ 127 Te , 143 Pr/ 198 Ali/ 109 Pdf 
165 Dy/ 32 P/ 142 Pr/ 166 HO/ 153 Sm . It is advantageous if the 
half -life is from 2,3 hours to 14,3 days, preferably from 2,3 
hours to 100 hours. 



Suitable or-active radionuclids , which can be used in alpha- 
therapy is for example 211 At, 213 Bi f 212 Bi, 225 Ac. 
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The chelates according to the invention can be prepared by 
allowing ligands to react with the corresponding detecting 
element to form the compound. The detecting element can for 
example be a salt of a metal, preferably a water soluble salt. 
The reaction can be carried out using analogs of known methods 
as described in Perrin, Organic Ligand, Chemical Data Series 
22. NY Pergamon Press (1982); in Krejcarit and Tucker, Bio- 
phys. Biochem. Res. Com. 77: 581 (1977) and Wagner and Welch, 
J. Nucl. Med. 20: 428 (1979). 

When the compound according to the invention is halogenated, 
the halogen is coupled to the benzene ring of the chelate 
using some known halogenation method, which has been described 
e.g. in Eckelman, Paik and Reba, Cancer Research 40.: 3036 
(1980) . 

The metal -chelate combination is preferably obtained in a pH 
in which the compounds according to the invention are physio- 
logically stable. 

The detecting element can be in solution, bound to an inter- 
mediate chelate, which enables importation of the detecting 
element into a physiological pH. Said complex must be thermo- 
dynamically more unstable than the ligand-metal complex of the 
compound according to the present invention. As examples of 
such intermediate chelates 4 , 5 -dihydoxy- 1 , 3 -benzen-disulphonic 
acid (Tiron) , citric-ion, acetate-ion are mentioned. In such 
a process the detecting element changes ligand. 

The chelates according to the invention can be chelatized with 
a metal as described, after which the metal -chelate is coupled 
to the polysaccharide as described above. In the same way the 
chelate can be coupled first to a non-detecting metal and 
then the chelate can be coupled to the polysaccharide and the 
non-detecting metal later changed to a detecting metallic ion. 

The above mentioned reaction can be carried out with analogs 
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of known methods. Depending upon how many chelating groups 
are present, the efficacy of the labelling can be up to 100 %. 
In such cases no further purification is required. Radionuc- 
lids, such as for example technetium- 99m can also be in oxide 
form, for example Tc-9 9m pertechnetate , which can be complexed 
in reducing conditions. 

The above reactions should be carried out avoiding any impuri- 
ties. The most advantageous conditions are obtainable using 
destilled ultrapure water, ultrapure reagents, chelate-class 
radioactivities, etc. Using the above mentioned reagents the 
effect of carrier metals can be reduced. 

The compounds according to the present invention and their 
pharmaceutically acceptable salts have pharmaceutical acti- 
vity and hence they are useful, either as imaging compounds, 
for example when visualizing somatostatin receptor positive 
tumours and metastases, when they are complexed with para- 
magnetic or gamma -emit ting metal -ions or posit rone-emitting 
radionuclides or radio-drugs when treating in vivo somatosta- 
tin receptor positive tumours and metastases with or- and £-ra- 
dio- nuclides as shown in the examples. In the examples, it 
has also been proved that the compounds according to the in- 
vention have substantial therapeutic effect without chelating 
groups and radioactivity. In principal, the compounds accord- 
ing to the invention have affinity to the somatostatin recep- 
tors, which tumours and metastases express or overexpress . 

Experiments 

In the following the invention is described with examples 
which should not limit the scope of protection 

Activated Dextran 40 000 



20 mg of dextran, the average molecular -weight of which is 
40 OOOg/mol, and 6 mg sodium periodate was solubilized in 1 ml 
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of sodium acetate buffer pH 5.5. The mixture was incubated 
for 24 hours at room temperature in dark, mixing with an mag- 
netic mixer. After the incubation, the reaction mixture was 
purified in a Sephadex G25 column, balanced with 0.2 M sodium 
phosphate buffer pH 6. The sample was eluated with 2 ml of 
the same buffer. 



Activated Dextran 70 000 

Activated Dextran 70 000 was prepared correspondingly 
the same method as with activated Dextran 40 000. 



Dextran 70 oooo somatostatin taurine 



Activated dextran 70 000 10 mg, somatostatin analog 1 . 5 mg 

[— (SMSII) 

Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys 

and cyanoborohydride 2 mg was mixed to obtain a final volume 
of 1.1 ml sodium phosphate buffer pH 6.0. The mixture was 
incubated in dark at 5 °C for 5 hours after which 100 /xl 0.2 M 
taurine was added. The solution was incubated under the con- 
ditions described over night. Thereafter the conjugate was 
purified with Sephadex G25 column balanced with 0.15 M sodium 
chloride and eluated with the same solution (v = 2 ml) . 

The peptide concentration of the conjugate was determined 
spectrophotometrically at 280 nm. The somatostatin (SMSII) 
concentration was calculated from the absorbance using a stan- 
dard curve, determined under the same conditions. The ob- 
tained relation of somatostat in/Dextran was 3.2. 

Dextran 40 000 - somatostatin- taurin 

Dextran 40 000 - somatostat in- taurin, which was prepared as 
above, gave a somatostat in/Dextran relation of 2.1. 



Dextra n 40 000 -somatostatin- taurin - tvramine 
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Activated Dextran 40 000 10 mg, somatostatin (SMSII) and cyano- 
borohydride 2 mg was mixed so that the final volume was 1 . l ml 
sodium buffer pH 6.0. The mixture was incubated in dark 5 °C 
for 5 hours, and thereafter 100 /xl of 0.2 M taurine and 100 
/xl of 0.1 M tyramine was added. The solution was incubated 
under the conditions mentioned above overnight. Thereafter, 
the conjugate was purified on a Sephadex G25 column, which 
was balanced with 0.35 M sodium phosphate buffer and eluated 
with the same solution (v = 2 ml) . 

The tyramine concentration in the Dextran 40 000 -somatosta- 
tin- taurin-tyramine compound was determined by first deter- 
mining somatostatin concentration before the addition of tyr- 
amine. The change in the absorbance was substracted from the 
absorbance of the final product. Tyramine /Dextran relation 
was 5.7. 

99m Tc-Dextran 40 000 - somatostatin- taurin 

10 fxg of SnCl 2 in 10 /xl of ethanol was added to Dextran 
40 000 -somatostatin-taurine 5 mg/ml in one milliliter of 0.9 
% NaCl . 1500 MBq of sodium pertechnetate was added immedia- 
tely and the bottle was turned upside down once, to allow the 
solutions to mix. The bottle was incubated for 15 minutes 
without mixing. The conjugate was purified with a Sephadex 
G25 column, which was balanced with a solution of 0.9 % NaCl 
and the product was eluted with 2-3 ml of the same solution. 
The product was sterilized with filtration. The labelling 
efficacy was 98.5 %. 

Dextran 40 000 - somatostatin- taurine- 131 I -tyramine 
0.5 ml of 0.1 M HC1 and 60 fig Kloramine T was added to a 
solution of Dextran 40 000 - somatostatin- taurine -tyramine 
5 mg/ml in one milliliter of 0.35 M phosphate buffer pH 7,5 
was mixed and transferred to a bottle, which contained 6 
GBq 131 1 -solution in 0.5 ml 0.1 M NaOH . The mixture was 
mixed thoroughly and was incubated for 10 minutes, was remixed 
and was allowed to incubate a second ten minutes. Sodium-meta- 
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bidi-sulphite 3.5 mg, 100 /zl was added and mixed. The in- 
cubation was continued 2 minutes. The conjugate was puri- 
fied with Sephadex G25 column balanced with a 0.9 % NaCl 
solution and the product was eluated with 2-3 ml of the same 
solution. The p roduct was sterilized with filtration. The 
labelling efficacy was 60.7 %. 

Dextran 40 000 -somatostatin- taurin- tvramine 

Activated Dextran 40 000 10 mg, somatostatin (SMS1I) and cyano- 
borohydride 2 mg and sodium phophate buffer pH 6.0 was mixed 
so that the final volume was 1.1 ml. The mixture was incu- 
bated in dark 5 °C for 5 hours, and thereafter 100 /xl of 0.1 M 
taurine and 100 fil of 0.1 M tyramine was added. The solution 
was incubated under the conditions mentioned above over night. 
Thereafter the conjugate was purified on a Sephadex G25 co- 
lumn, which was balanced with 0.3 5 M sodium phosphate buffer 
and eluated with the same solution (v = 2 ml) . 

Dextran 40 000 -somatostatin- taurin-CHXA-DPTA 

Activated Dextran 40 000 10 mg, somatostatin (SMSII) and cyano- 
borohydride 2 mg and sodium phophate buffer pH 6.0 was mixed 
so that the final volume was 1.1 ml. The mixture was incu- 
bated in dark 5 °C for 5 hours, and thereafter 100 fil 0.1 M 
taurine and 100 fil of 0.1 M N- [2-amino-3 (p-aminobenzyl) pro- 
pyl] -cyclohexane-1 , 2 -diamine -N, N ' ,N\N ,, ,N ,, # -pentaacetic acid 
was added. The solution was incubated under the conditions 
mentioned above overnight. Thereafter a change of buffer was 
performed from 20 mM NaAc to 150 mM NaCl buffer in an Amicon 
concentrator. The method has been described in more detail in 
Nikula et al . , Nucl . Med. Biol. 22: 387 (1995). 

Dextran 40 000 - somatostatin- taurin-CHXA-DPTA- gOY 
Dextran 40 000 -somatostatin- taurine -CHXA-DTPA labelled on a 
carrier-free 90 Y. A buffer solution pH 4.5 was prepared 250 
fil 0.2 M HC1 and 30 3 M ammonium acetate in an Eppendorf 

tube. 10 mCi 90 YC1 2 0.04 M HCl 10 fil was added to this so- 
lution. 50 /xl Dextran 40 000 - somatostatin- taurin-CHXA-DTPA 
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was added to the Eppendorf tube and the reaction was allowed 
to go on for 20 minutes at room temperature continuously mix- 
ing and thereafter the reaction was stopped by adding 20 fil 10 
mM EDTA- solution . The efficacy of the labelling was 95.6 V. 
The product was purified on a Sephadex G25 column and the 
purity of the final product was 99 %. 

Effective surface charg e 

It is generally known that the charge of a polydisperse macro- 
molecule is effected by the medium in which the macromolecule 
of interest is situated. This media dependent so called ef- 
fective surface charge can deviate remarkably from the theo- 
retical electric charge of the molecule which is based on the 
amount of dissociating groups. The difference is especially 
remarkable in physiological media for example in human beings 
injected with the drug. 

The effective surface charge is evaluated by several different 
test systems, of which the methods based on electrophoresis 
according to generally accepted opinion gives the values best 
describing the actual situation best. The effective surface 
charge can be determined most exactly with a test system based 
on a convective electrophoresis. On macromolecules 10 charge 
units of effective surface charges have been measured. 

Streams : 

V°=0,62 ml/h V° v>f V* 

^=0,48 ml/h 
V 9 =0,47 ml/h 
V*=0,59 ml/h 

VMM4 ml/h . 

^ I 

Supporting electrolyte: 0.15 M NaCl 
Membrane: Millipore HVLP 0.45 fim 
Feeding to a-space: 

mere supporting electrolyte+phosphate buffer pH 6.8 



I 

a I p 

-r-v 
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Feeding to E-space: 

Dextran A 10 mg/ml +■ supporting electrolytes-phosphate buffer 
pH 6.8 

By carrying out two measurements, of which in the first the 
concentration of the supporting electrolyte (NaCl) is the same 
in both compartments (0.15 mol/1) and in the other the elec- 
trolyte concentration in the different compartments deviate 
somewhat (0.127 mol/1 and 0.103 mol/1) a surface charge and a 
diffusion coefficient can be determined exactly. It is essen- 
tial that the concentrations of the supporting electrolytes 
buffered to pH-value 6.8 is corresponding well to the physio- 
logical medium effecting the charge. 

The surface charge of Dextran 40 000 and Dextran 70 000 
All measurements with the compounds according to the inven- 
tion have been carried out in the temperature 3 7 °c and in the 
tests Millipore HVLP 0.45 fim has been used as membrane. 

In the measurements it was detected that the effective surface 
charge is dependent of the amount of taurine groups in the 
conjugate according to Figure 1, but is not dependent on the 
molecular-weight of the dextran-molecule in the conjugate and 
not on the amount of tyramine and somatostatin groups coupled 
thereto . 

The effect of Dextran 40 000-somatostatin- taurin on metabolism 
To patients suffering from kidney cancer a positrone-emission- 
tomography (PET) f luoro- 18-diglucose ( 18 FDG) was carried out 
before and after Dextran 40 000 - somatos tat in - taurin adminis- 
tration. Dextran 40 000 -somatostatin- taurin 4 mg (somato- 
statin SMS 1 1 about 325 /ig) was administered to the patients. 
The metabolism of the tumour decreased with 25 % after the 
administration . 



The effect of different Dextran conjugates on the tumour accu - 
mulation and background-activity. 



WO 98/23336 



PCT/FT97/00827 



23 



After the administration of 20 mCi of technetium-99m, labelled 
dextran derivative to the patient a gamma -recording was car- 
ried out on the patient. From the image, the accumulation of 
the labelled compound into the tumours and to the other back- 
ground tissues was evaluated. The compounds of the state of 
the art were prepared as described in the publication Holmberg 
et al., Antibody Immunoconj . Radiopharm 7: 253-257, 1994. 



State of Art 

Dextran 

Dextran 10 000 somatostatin- 99m Tc 
Dextran 40 000 somatostatin 99m Tc 

The Invention 

Background Tumour 

Dextran 10 000 somatostatin- 9 9m Tc ++ + 
Dextran 4 0 000 somatostatin "™Tc + ++++ 

means no accumulation 

means little accumulation 

means accumulation 

means clear accumulation 

means strong accumulation 

Dextran alone did not at all accumulate into the tumour. When 
the size of dextran increased a clearly improved tumour accu- 
mulation was obtained, but the background activity still 
remained high. Not until the surface of dextran was provided 
with a negative effective surface charge, the background ac- 
tivity was substantially decreased and the relative tumour 



Background Tumour 
+++ 



wherein 



+ 

+ + 
+ + + 
+ + + + 
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accumulation was clearly improved. 

3^ half -life of Dextran 40 000 - somatostatin- r.auri n - 131tv. 

tvramine in blood 

Patients were administered with 3GBq of Dextran 40 000 -soma- 
tostatin- taurine- 131 I-tyramine and 5 ml blood samples were 
taken at 4 , 8 and 24 hours after the injection. The 
blood samples were measured on well crystals and the calcu- 
lation frequence was calculated per milliliter of blood. In 
Figure 2 the activity of the samples as a function of time is 
described. From the Figure it can be calculated that the 
half-life of Dextran 40 000 -somatostatin- taurin- 13 *l - tyramine 
in blood is 12 hours. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: MAP MEDICAL TECHNOLOGIES OY 

(B) STREET: Elementtitie 27 

(C) CITY: Tikkakoski 

(E) COUNTRY: Finland 

(F) POSTAL CODE (ZIP) : 41660 

(A) NAME: HOLMBERG, Anders 

(B) STREET: University of Uppsala, University Hospital 

(C) CITY: Uppsala 

(E) COUNTRY: Sweden 

(F) POSTAL CODE (ZIP) : 75185 

(A) NAME: WE STL IN, Jan-Erik 

(B) STREET: University of UoDsala, University Hospital 

(C) CITY: Uppsala 

(E) COUNTRY: Sweden 

(F) POSTAL CODE (ZIP) : 75185 

(A) NAME: NILSSON, Sten 

(B) STREET: University of Uppsala, University Hospital 

(C) CITY: Uppsala 

(E) COUNTRY: Sweden 

(F) POSTAL CODE (ZIP) : 75185 

(ii) TITLE Or INVENTION: POLYSACCHARIDE -PEPTIDE DERIVATIVES 

(iii) NUMBER OF SEQUENCES: 1 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

<B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: FI 965181 

(B) FILING DATE: 20-DEC-1996 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 
(3) TYPE: ammo acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY : circular 
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(ii) MOLECULE TYPE: peptide 

( ix ) FEATURE : 

(A) NAME/KEY: Disulfide -bond 

(B) LOCATION: 3 . . 14 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1: 



Ala Gly Cys Lys Asn Phe Phe Trp Lys Thr Phe Thr Ser Cys 
15 10 
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CLAIMS 



1. Analogs of polysaccharide-somatostatin and derivatives 
thereof, characterized in, that they have a 
negative effective surface charge and that the somatostatin 
analog is directly or indirectly coupled to a polysaccharide. 

2. The compound according to claim 1, characte- 
rized in, that the somatostatin analog is coupled from 
an amino group to the polysaccharide and said amino group has 
no significant binding affinity to the somatostatin receptors. 

3. The compound according to claims 1 or 2 , charac- 
terized in, that the analog is coupled from a terminal 
N-amino group to the polysaccharide. 

4. The compound according to any claims 1-3, charac- 
ter i z e d in, that the somatostatin analog is 

i j 

Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys I 

5. The compound according to any of claims 1-4, cha- 
racterized in, that the effective surface charge is 
obtainable by coupling to the polysaccharide a compound the 
pKA of which is 7 or less. 



6 . The compound according 
racterized in, that 
obtainable with a compound, 
formula II 



to any of claims 1-5, c h a - 
the effective surface charge is 
the structure of which has the 



Wi-(W 2 ) n -Z 



II 



wherein : 



w l is a group, which can form an ether, ester or amino bond 
with the polysaccharide, preferably Vl± is an amino group, W 2 



RECTIFIED SHEET (RULE 91) 



WO 98/28336 



PCT/FI97/00827 



28 



is C x _ 6 alkyl, C x _ 6 is arylalkyl or C x _ 6 alkyl, C 2 . 6 aryl- 
alkyl, to the carbon atom of which an optional oxygen atom has 
been coupled or -NH or -SH or -COOH; -(W 2 ) n can also a be a 
combination of the groups mentioned above, n is an integer 
from 0 - 7, Z is COOH or S0 3 H. 

7. The compound according to any of claims 1-6, c h a - 
racterizedin, that the effective surface charge is 
obtainable with a compound, wherein W x is NH and W 2 is CH 2 
and n is 1-3 and Z is S0 3 H and W 2 is C x _ 6 alkyl. 

8. The compound according to any of claims 1 - 7, cha- 
racterized in, that the effective surface charge is 
obtainable with taurine. 



9. The compound according to any of claims 1-8, cha- 
racterized in, that the effective surface charge is 
0.0005-1 unit charges per monomer. 

10. The compound according to any of claims 1 - 8,.c h a - 
racterized in, that the effective surface charge is 
0.5-10 unit charges as measured with convective electropho- 
resis . 



11. The compound according to any of claims 1-10, cha- 
racterized in, that the derivative is labelled with 
an inactive or radioactive label, which is coupled directly to 
a polysaccharide or a somatostatin analog or the label is 
coupled with the mediation of a chelate. 

12. The compound according to any of claims 1 - 11, c h a - 
racterized in, that the chelating group is selected 
from a group consisting of iminodicarboxyl - , polyaminocarboxy- 
lic group, groups which are derivatives of macrocyclic amine 
derivatives, groups which have the formula III and IV 
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0 0 0 

II II II 

Ri-C-S- (CH 2 ) n . -C- (TT) i-C- XII 

O O 

II II 

R 2 -C-S- (CH 2 ) n . -C-NH-CH^ O IV 

O O 

II II 
R3-C-S- {CH 2 ) n . -C-NH 

in which each R ± , R 2 , and R 3 are independently C x _ 6 alkyl , 
c 6-8 ar yl or C 7 _ 9 arylalkyl, additionally each can also be 
substituted with OH, C ± _ 4 alkoxy, COOH or SO B H substituted 
n' is 1 or 2 

i is an integer from 2-6 and 

TT is independently of each others a or £ amino acids coupled 
together with an amine bond 

or the groups which have been derived from bisaminothiol , 
dithioacetamidecarbazone, propylene amine oxime derivative, 
diamidedimercaptan or porfyrine as salts or as such. 

13. The compound according to any of claims 1 - 11, c h a - 
racterized in, that as the chelatizing group is 
used one of the derivatives of the following compounds: ethy- 
lendiaminetetraacetic acid (EDTA) f triethylentriaminepenta- 
acetic acid (DTPA) , eylenglycol - 0 , 0 » -bis (2 -aminoethyl ) - 
N,N,N' ,N' -tetraacetic acid (EGTA) , N,N, ' -bis (hydroxibenzyl ) - 
ethylendiamin-N,N' -diacetic acid (HBED) , triethyltetramine - 
hexaacetic acid (TTHA) , derivatives thereof, in which one arm 
is stabilized as in cyclohexan- 1 , 2-diamin-N,N' ,N' ,N' ' ,N' ' - 
pentaacetic acid derivatives, derivatives of EDTA and DTPA as 
for example p- isothiocyanatobenzyl -EDTA or -DTPA, the macro- 
cyclic derivatives thereof, for example 1 , 4 , 7 , 10 -tetra azacyc- 
lodekan-N,N> ,N' • ,N' '» -tetraacetic acid (DOTA) and 1,4,8,11- 
tetraazacyclotetradekan-N.N 1 ,N ! ' ,N' ' » -tetraacetic acid (TETA) 
as salts or as such. 
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14. The compound according to any of claims l - n, cha- 
racterized in, that as the chelatizing group is 
compounds according to formula IX 

w l-<W 2 ) n -Ar IX 

wherein 

W x is a group, which can form an ether, ester or amino-bond 
with a polysaccharide, preferably W x is an amino group, W 2 is 
c l-6 alkyl, C 1 _ s is arylalkyl or C x _ 6 alkyl, C 1 _ s arylalkyl, 
to the carbon atom of which an optional oxygen atom has been 
coupled or -NH or -SH or -COOH; -(W 2 ) n can also a be a com- 
bination of the groups mentioned above, n is an integer from 0 
- 7, Ar is an aryl group. 

15. The compound according to any of claims 1 - n, cha- 
racterized in, that the compounds according to 
formula IX is tyramine . 

16. The compound according to any of claims 1 - 15, cha- 
racterized in, that to the chelate is coupled to a 
a-, S- and gamma-emitting radionuclide. 

17. The compound according to any of claims 1 - 16, cha- 
racterized in, that the polysaccharide is straight - 
chained or branched and its molecular-weight is 10 000 - 
150 000 mol/g, and one or more hydroxygroup of the polysaccha- 
ride can independently of each other be substituted with other 
functional groups . 

18. The compound according to any of claims 1 - 17, cha- 
racterized in, that part of the hydroxy-groups of 
the polysaccharide are substituted with -COOH, -NHC0CH 3 , 
NHS0 3 H, -OSO3H, -CH 2 OS0 3 H, -SO3H groups. 
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19. The compound according to any of claims 1 - 18, cha- 
racterized in, that the polysaccharide is dextran. 

20. The compound according to any of claims 1-19, cha- 
racterized in, that the molecular- weight of dextran 
is 10 000 - 150 000 g/mol. 

21. The compound according to claim 1, character- 
ize d in, that as the polysaccharide is a dextran and its 

molecular-weight is 10 000 - 150 0000 and it has been provided 
with a negative effective surface charge with taurine and in 
the compound the somatostatin analog according to claim 5 or 
a derivative thereof is acting as the somatostatin analog of 
the compound. 

22. The compound according to claim 21 characte- 
rized in, that the dextran-somatostatin-analog- taurine 
derivative is coupled to tyramine, which is labelled with an 
inactive or radioactive iodine. 

23. The compound according to claim 22, characte- 
rized in, that iodine is iodine-131. 

24. The compound according to claim 19, characte- 
rized in, that the dextran is labelled with 99m Tc or 
ISQRe. 

25. The compound according to claim 19, characte- 
rized in, that as the dextran-somatostatin- taurine con- 
jugate is coupled to CHXA-DPTA and is labelled with 1:L1 In or 
90 Y in its basic form or in form of a physiologically accept- 
able salt. 

26. The somatostatin analog compound or a derivative thereof 
according to any of claims 1 - 25, characterized 
in, that the compound is in its basic form or in its pharma- 
ceutical^ acceptable salt form for pharmaceutical use. 
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27. A pharmaceutical compound which comprises a somatostatin 
analog compound or a derivative thereof according to any of 
claims 1 - 25, characterized in, that the com- 
pound is provided in its basic form or as a pharmaceutical^ 
acceptable salt form together with a pharmaceutical^ accept- 
able carrier or solvent. 



28. A pharmaceutical preparation or composition charac- 
terized in, that it comprises an effective amount of a 
compound according to any of the compounds according to claims 
1-25 . 



29. A diagnostic method for diagnosing somatostatin positive 
tumours in vivo using a gamma camera, a MR I -apparatus , a CT- 
apparatus or a corresponding apparatus, characte- 
rized in, that as a labelling or contrasting substance a 
compound according to claims 1-25 is used. 



